). In contrast, no immunoreactivity (IR) was observed with sera from mice treated (CFA) alone. Antibody titers in animals belonging to group I ranged from 200 to 20,000 (Table 1) , and in mice with CFA alone ( Figure 1H ). Epitope mapping studies showed that in the vaccinated mice, antibodies recogfrom group II, titers ranged from 200 to 13,000 (Table  1) . Levels of antibody relative affinity by immunoblotnized epitopes within the C terminus region of hα-syn, including amino acids (aa) 85-99, 109-123, 112-126, ting were higher in mice from group II compared to immunized mice from group I ( Table 1) (Table 1) show a wide range of variability and linear regression analysis shows that antibody relative sera from mice vaccinated with hα-syn recognized hα- affinity was one of the strongest predictors for the efcontrols ( Figures 3D, 4A , and 4C) the reduction in the neuropil immunostaining was associated with decreased fects on reducing the neuropathology on the vaccinated hα-syn tg mice (Table 2) , animals were divided accumulation of hα-syn in presynaptic terminals (Figures 3D , 4B, and 4D). To ascertain the effects of the into subgroups consisting of those that show low (<100,000 units; Figures 2B, 2E , 2H, and 2K) and high immunotherapy on neuropil integrity, sections were immunostained with an antibody against synaptophysin (>100,000 units; Figures 2C, 2F , 2I, 2L, and 3A) relative affinity to hα-syn (expressed as units of intensity vol-( Figures 4E-4H ). Compared to nontg mice, hα-syn tg mice treated with CFA alone ( Figures 4E and 4G ) showed ume). In tg mice treated with CFA alone, abundant hα-syn IR was observed in the neuropil as well as in intraan average of 20% decrease in the number of synaptophysin-immunolabeled terminals ( Figure 3C ). In conneuronal inclusions (Figures 2A and 2D ). In contrast, immunized mice from both groups showed a reduction trast, immunized mice from both groups I and II showed levels of synaptophysin IR comparable to nontg conin the number of inclusions in the temporal cortex (Figure 3B ). Compared to mice producing low relative affintrols ( Figures 3C, 4F , and 4H). This effect was more prominent in mice that produced antibodies with high ity antibodies ( Figures 2B and 2E ), this effect was more pronounced in mice producing antibodies with high relrelative affinity to hα-syn ( Figure 3C ). To rule out immunization masking effects, control exative affinity to hα-syn ( Figures 2C and 2F) . Moreover, immunization resulted in a decrease in hα-syn IR in the periments were performed by comparing the levels of murine (m)α-syn. Similar to hα-syn, mα-syn IR was neuropil of tg mice producing antibodies with high relative affinity to hα-syn ( Figures 2C and 2F) , with a greater abundant in the neuropil in association with nerve terminals, but was absent from the neuronal cell bodies effect in mice from group II ( Figure 2F ) than group I ( Figures 2C and 3D ), compared to CFA-treated tg mice and in the inclusions (Figures 4I-4L (Figures 2A and 2D ). To investigate whether the effects of the immunization were accompanied by a neuroand 4L), patterns and levels of mα-syn were comparable. Additional analysis of the immunization specificity inflammatory response, immunocytochemical analysis with antibodies against the microglial marker (Iba-1) was performed by comparing levels of β-syn IR, a close α-syn homolog (Iwai et al., 1994). Abundant β-syn IR and the astroglial marker (glial fibrillary acidic protein [GFAP]) were performed. These studies showed that in was observed in the neuropil in association with the presynaptic terminals, and mild immunolabeling was both CFA-treated ( Figures 2G and 2J ) and hα-syn-vaccinated ( Figures 2H, 2I , 2K, and 2L) animals, there was detected in the neuronal cell bodies, but not in the inclusions ( Figures 4M-4P ). Compared to tg mice treated a mild increase in Iba-1 and GFAP IR; however, no overt differences were detected between the groups.
with CFA alone (Figures 4M and 4O ), no differences in the patterns and levels of β-syn were found in mice To further investigate the effects of the vaccination on the synapses, higher-resolution analysis with the laimmunized with hα-syn ( Figures 4N and 4P ). These studies suggest that vaccination specifically affects ser scanning confocal microscope (LSCM) was performed. These studies confirmed that compared to CFA hα-syn but not other related synaptic molecules. (Table 2) . These results suggest that the relative immunoblot resuggesting that the internalized anti-hα-syn antibodies reacted with hα-syn within lysosomes ( Figures 6M-6O) . activity of the anti-hα-syn antibodies and to some extent the antibodies' titers correlate with the reduction To corroborate that vaccination resulted in lysosomal activation, cathepsin D IR was analyzed. Compared to of neuronal hα-syn accumulation. ability to recognize the C-terminal region might be important for the therapeutic effects. This effect was associated with amelioration of the neurodegenerative pathology. It is unclear whether this Considerable effort has recently been directed to-a modified version of a previously described protocol (Hashimoto et al., 1998).
Determination of Antibody Titers and Relative Affinity to h␣-Syn
Antibody levels in plasma were determined using 96-well microtiter plates coated with 0.4 g per well of purified full-length hα-syn. Samples were incubated overnight followed by goat anti-mouse IgG alkaline phosphatase-conjugated antibody (1:7500, Promega, Madison, WI). The plate was read at wavelengths of 450 nm and 550 nm. Results were plotted on a semi-log graph with relative fluorescence units versus serum dilution. Antibody titer was defined as the dilution at which there was a 50% reduction from the maximal antibody binding. To determine the relative affinity of the antibodies for hα-syn, three assays were performed. In the first, brain homogenates from nonimmunized hα-syn tg mice were run in a minigel, multichannel apparatus (Invitrogen, Carlsbad, CA) and transferred to nitrocellulose membranes. Each channel on the membrane was separated and incubated individually with diluted serum from each of the vaccinated mice. Serum dilution was adjusted to 1:1000 for all samples 
